and retrogradation of starch in cooked rice strongly affect its texture properties. Several methods, pulsed NMR/~4) dielectric measurements in 10 GHz region5] and measurement of mechanical properties,6~8)
also successfully been applied to investigate gelatinization in water-starch systems by several authors.9~13) In this report, retrogradation as well as gelatinization phenomena of rice starch, the main component of rice, were studied by DSC. Different endothermic heat flows were observed for retrograded starch kept at different temperatures. Nonglutinous rice starch was obtained from ShimadaKagaku-Kogyo Co. DSC was carried out using a DainiSeikosha 560U from 5°to 110°C, usually with a heating rate of l°C/min. The sensitivity of the apparatuses 0.025 mcal/s/full scale (10V). Water, as the reference, and a sample of about 30mg (water+starch) were sealed in silver cells. After the first heating run to 1 10°C, the sample cells were kept at an appropriate temperature for several days. Then the second run was carried out after aging at each temperature. As shown in Fig. 1 , two endothermic peaks are observed for rice starch, similar to those for potato starch9) and smooth pea starch.10) Whenthe fraction of dry starch is increased gelatinization onset temperature (To) and peak position at the lower temperature (Tp) are almost constant. Onthe contrary, the peak at the higher temperature grows gradually and the conclusion temperature (Tc) shifts to a high temperature as the starch fraction is increased. Donovan9 12) described thermodynamically the DSC curves of starches as endothermdue to a phase transition of starch-water system.14) The enthalpy of gelatinization per amount of dry starch is constant in the region of the starch fraction shown in Fig. 1 resulted in lowering of the onset of gelatinization for wheat starch from 52 at 8°C/min to 46 at 32°C/min by DSC. This lowering effect of the onset of gelatinization by higher heating rate is the inverse of our result.
The gelatinization onset temperature of rice starch measured by amylography was reported as 73.5°C for 8% starch16) and by photopastegraphy for 0.1% starch as 60°C.16) The onset temperature obtained here as 50°C is lower than those. The gelatinization onset temperature depends on the variety of rice from which starch was obtained, the growing temperature of the starch grain, starch content in the water and so on, and could not be determined definitely, but it may be said that DSCat slow heating rate is one of the most sensitive methods for detecting the gelatinization onset temperature. Figure 3 shows DSCcurves of the second run of rice starch with a dry starch fraction of 0.5 whose cells were stored at 5°C and at room temperature for 10 days after the first run from 5 to 110°C with a heating rate of rC/min. Whenthe second run was carried out soon after the first run, no endothermic heat flow was observed in the same temperature range. Therefore the native starch granules are gelatinized at the first run almost completely with a heating rate of l°C/min. Howeverafter the cell was kept at least 1 day, the endothermic peaks at the second run became observable. The onset, peak, and conclusion temperatures of the endothermic peaks of the second run are lowered as compared with those of the first. Figure 4 shows DSCcurves of the samples stored at 5°C for 3, 10, and 25 days after the first run. The DSCcurve seemed to be Weight fraction of dry starch is 0.5. Aging at 5°C and RoomTemperature composed of two peaks, one around 40°C and the other around 57°C. The higher peak around 57°C grows almost completely by 3 days after the first run. Onthe other hand, the lower peak around 40°C seemed to grow slowly. The peak obtained after 25 days is slightly bigger than after 10 days. The onset and conclusion temperatures and enthalpy of samples stored at 5°C and room temperature are shown in Table I . The transition enthalpy of the second run is about half of the first run, and the characteristics of the second run are completely different from the first run. Therefore, the starch-water mixtures transform during the retrogradation processes into a crystalline-amorphous composite different from the native structure. This may be consistent with the result that the X-ray diffraction pattern of native rice starch changes into another pattern on aging after gelatinization.17) The structure of gelatinized starch after aging at room temperature and at 5°C may be different, since the onset, peak, and conclusion temperatures of the DSCcurves of starch aged at 5°C are lower than those of starch aged at room temperature. It seems that aging at 5°Cgoes to a stable state faster than that at room temperature. The second heat flow after retrogradation was observed for potato starch as well as glutinous rice starch and nonglutinous rice powder. The results will be reported soon.
